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Bundling applications axe technlcmes whidi entail enveloping the totality of the articles 
to be packaged with a sbrinkable wrapping cling film that is stretched tightly around an 
article or plutaUty of articles. In such applications, it is essential that the fihns have cling 
properties in the stretched state. The fihn is then shnmk by exposmg the assembly to 
sufficient heat to cause shrinking of fihn and intimate contact between the fihn and article(s). 
The heat that mduces shrmkage can be provided by convenflonal beat sources, such as 
heated air, mfiared radiation, hot water, hot oil combustion flames, or the like. For example, 
the entire assembly is trans&ned through an oven at a temperature that permits the 
Aennoplastic resin constitutmg the fihn to soften, thus relieving internal stresses. Upon 
exiting the oven, rapid cooUng ensures that the fihn shrinks tightly and sealedly around the 
goods contahied therein. Thus, a highly homogeneous bundle or unitary pack is produced m 
which the fihn functions as a skin m tight contact with the surfece of the packaged goods. 

The high cost of the heat shrink fihn. however, makes the wrapping very escpensive, not 
to mention that in some cases and for some types of products, the wrappmg Imes may, also, 
be very expensive for the manufacturer because they have numerous operating units, such as 
product collatmg units (especially in the case of continuous lines), and fihn feed and heatmg 
units, all of which requixB a high number of control devices and accessory parts. Another 
Umiting fector on tiie use of heat shrink fihns and Imes of this khid is the fact that some 
products cannot be heated beyond certam limits, which means that heat shrink wrapping 
solutions are not feasible. 

As mentioned above, prior art fihns comprising a blend of linear low-density 
polyethylene (LLDPE) and olefinically unsaturated monomer-ethylene copolymers are 
already known also for use in bundling and packaging in general. 

For example. European patent appUcation 377,121 discloses heat-shrinkage fihns having 
a layer made from a blend of 10-50 wt% of low density polyethylene O-DPE) and 50-90 
wt% of ethylene-l-olefin copolymer having low density. However, it is well known from 
industry that such type of blends has unproved processability and optical properties but has 
unbalanced mechanical properties. 

US patem No. 4,551,380 discloses heat-shrinkable multi-layer fihns wherein the surface 
layer is a blend of Unear low dcnshy polyethylene, imear medium density polyettiylene and 
ethylene vinyl acetate copolymer. 

yS-patent-Nor^;399;426-disolose5-a-«teBtch-vvrap-fihn^v4ng-at-least-«-core-l^ 
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The film of &e presmt invention has a quite balanced ratio between machine direction 
tear resistance and transverse direction tear resistance. 

The film of the present invention offers the considerable advantage that now it can be 
manufactured a secondary container packing having a handle structure that is formed as 
integral part of the secondary container packing. Hence, the handle structure is made of the 
same film as the remaining part of the container packaging. Therefore, there is no need of 
^plying a separate handle to the container packaging, thus reducing the overall cost of such 
a packaging. In addition, the packaging can entirely be made of polyolefin materials and thus 
recycling of the whole packaging is easier because it is no longer necessary to r^ove the 
handle &om the film. 

Another advantage is provided with the film of the present invention as a result of tiie 
superior property balance, the film can have a significantly lower thickness than that of the 
currently used fihns in the same field of packaging. This allows both cost savings and 
reduction of the environmental impact. 

The film of the present invention exhibits another great advantage for the industry 
because heat is not required to shrink the film around itemCs). In feet, after the film is 
stretched to wrap the itemCs), the fihn shrinks around the item(s) without subjecting the film 
to elevated temperatures. Even room temperature allows the fihn to shrink around the 
product to produce a tight wrapping that closely confonns to the contour of the item(s). This 
allows to make time and energy savings. 

Therefore, the present invention provides a sttetchable wrap fihn comprising an olefin 
polymer blend comprising (percent by weight): 

I) 50 to 90%, preferably 65 to 80%, of an ethylene polymer comprismg an ester selected 
from (1) ethylenically unsaturated organic esters of unsaturated C3-C20 monocarboxylic 
acids and Ci to C24 monovalent aliphatic or alicyclic alcohols, and (2) vmyl esters of 
saturated C2-C18 carboxylic acids, wherein the comonomer content ranging firom 2.5 to 8 
wt%, preferably 3 to 6.5 wt%, based on the total weight of the final ethylene polymer; 
the ethylene polymer having a density ranging firom 0.9 to 0.94 g/mL, preferably 0.90- 
0.935 g/mL; and 

ID 10 to 50%, preferably 20-35%, of an ethylene-based polymer component havmg a * 
density rangmg from 0.9 to 0,930 g/mL, preferably 0.910 to 0.925 g/mL and a melt flow 
rate-iqr'to-4-gAlO-mhirpreferably-fiom-^^^^ 
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a direction "along the length" of the film, i.e., in the direction of the film as the fihn is 
fomed during extrusion and/or coating; the abbreviation "TD" means 'transverse direction", 
and refers to a direction across the fihn, perpendicular to the machine or longitudinal 
direction* 

Preferably, the ethylene polymer (1) is m interpolymer of ethylene wth at least one 
comonomer selected firom above-mentioned esters (1) and (2), wherein tiie comonomer 
content is within the 2*8 wt% range. 

The tenn "mterpolymer" as used herein refers to polymers prepared by the 
polymerization of at least two different types of monomers. Hie generic term "hiteipolymer" 
thus includes the term "copolymers" (which is usually employed to refer to polymers 
prepared firom two different monomers) as well as the term "terpolymers" (which is usually 
employed to refer to polymers prepared fix)m three different types of monomers, e.g,, an 
ethylene/butene/hexene polymer). 

Alternatively, ethylene polymer (I) can be a blend comprising (a) an ethylene 
homopolymer or interpolymer of e&ylene with at least one of above-mentioned esters (1) 
and (2) wherein the esters content is in an amount fitjm 2 to less than 8 wt% and (b) an 
interpolymer of ethylene with at least one of above-mentioned esters (1) and (2). In 
interpolymer (b) the content of the ester(5) can be higher than 8 wt%, provided that in the 
blend the ester content is in the range from 2 to 8 wt%. 

As specific examples of the comonomers copolymerized with the ethylene monomer to 
produce ethylene polymer (1)* there can be mentioned unsaturated carboxylic acid esters 
represented by acrylates and methacrylates, which include acrylates and methacrylates 
having a linear or branched alkyl group with 1 to about 24 carbon atoms, such as methyl 
acrylate, ethyl acrylatc, propyl acrylate, butyl acrylate, t-butyl acrylate, isobutyl acrylate, 
pentyl acrylate, isononyl acrylate, hexyl acrylate, 2.-methylpentyl ac^late, octyl acrylate, 2- 
ethylhexyl acrylate, dodecyl acrylate, methyl methacrylate and ethyl methacrylatc; lauiyl 
(meth)acrylatc and cyclohexyl (meth)acrylate. 

In branched ethylene polymer (I) havmg low density prefeixed comonomers which can 
be copolymerized with ethylene include ethyl acrylate (EEA copolymers), butyl acrylate 
(EBA copolymers) and vinyl acetate (EVA copolymers). EBA copolymers and EVA 
copolymers are the most preferred copolymers. 

^EthyleiieT)olymers-(I^are-inelusive-of^ver5e-ffoups-o 
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propylene vdth ethylene or a copolymer of propylene with butene-l. It is preferably a 
terpolymer of propylene vdth ethylene and a Ca-Cio-a-oleSn. In such a case, tiie propylene 
contrat is from 85 to 96 wt%, the cttiylene content is from 2 to 8 wt% and tiie C4-<:]o-a- 
olefin content is from 2 to 7 vvt%. In polymer blend (ii) component (a) is preferably a 
copolymer of ethylene wifli 1-butene and component (b) is a teipolymer of propylene with 
ethylene and l-biitrae. 

The high insolubility in xylene of the propylene intespolymn (b) is indicative of a 
steceoregular structure of the propylene recuning units and of homogenous distribution of 
tiie comonomcr(s) in the copolymer chain. The insolubility in xylrae, determined as 
described hereinbelow, is preferably greater tiian 75 wt%, more prefisrably greater than 85 
wt%. 

The heat of fusion of the propylene intexpolymer (b) is generally greater than 50 J/g, 
preferably greater ttian 60 J/g, more preferably greater than 70 J/g. 

The melting temperature of the propylme interpolymer (b) is below 140** C and 
preferably from 120'' to UO"" C. 

The crystalline index of the propylene intexpolymer (b) is generally greater than 50%. 

The MFR value, which is detennmcd as described herehibelow, of the propylene 
intecpolymer (b) is generally frcmi 2 to 30 g/10 min. 

The propylene interpolymer (b) can conveniently be prepared using a highly 
steieospeclfie catalyst, for example, of the type described in patrot ajpplication EP 395 083. 

Polymer blend (ii) can be obtained by firstly blending the components (a) and (b) in the 
solid state and then being fed into the extruder wherein the two components are mixed in tixe 
molten state, fi>r example in a mixer with high mixing efiSciency. 

Accordmg to a prefrared method, polymer blend (ii) is prepared directly by 
polymerization process in at least two reactors in series which, working in any order and 
using tiie same catalyst in the various reactors, ediylene polymer (a) is prepared in one 
reactor and the propylene polymer (b) is produced in toe other. The polymerization is 
convwiiently carried out in &6 gas phase using fluidized-bed reactors. Examples of polymers 
prepared according to the said mediod are described in patent applications WO 93/03078 and 
WO 95/20009. A suitable catalyst is obtained from the reaction of: 

A) a solid catalytic component comprising a titanium component containing at least a 
^titanium-halogen.bond.suppatte4on-a4nagnesiumJialide.inj^^ 
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electron-donor compoiind; 
B) an Al-alkyl compoiav^ and, optionally, 
Cjf an election-donor compound. 

The polymer blend according to ^ present invention is fomied by any convenient 
method, including dry blending the individual components and subsequently melt-mixing, 
«ther direcUy in the extruder used to make the film, or by pre-melt mixing in separate 
extruder before making tile film. 

Obviously, in accoidance with what is kno«na by a person skilled in the art, further 
additives (such as stabilizers, antioxidant, antiblocking, sUp agents, colours, etc.) and fillers 
than axe capable of imparting specific properties to tiie film of the present invention may be 
added to die »ld polymer blend. 

Hie fifan fomied fiom file polymer blend described herein is made using the known film 
manufacturing method and equipment for blown fihns and cast fihns. For exan^lc, the Wend 
may be cast into fihn with a flat die or blown into fihn with a tubular die. 

Ihe fihn of file present invention may be monolayer or multilayer fihn. However for 
coextruded multilayer fihn structures (e.g., 3.1ayer fihn structures) at least one skin kyer 
ahould be made from the polymer blend described herein, of course it can also be used as e 
core layer of the structure. GeneraUy, the polymer blend described herein comprises at least 
50% by weight of the total multilayer film structure. Preferably, the polymer blend disclosed 
heicm ,s used as the core layer, m such a fihn, the skin layei^ can comprise other 
polyethylene tj^es fiom high to low density as weU as polypropylene types, or blends of 
them, m Older to impart particular properties at inner or outer fece of the film. 

A particular aspect of this invention can involve a multilayer fihn where each layer of 
film consists of the same clafaned polymer conq,osition which, however, contains di&rent 
additives, stabUizers, fiUers and so on. 

nie thickness of the fihn of the present mvention may vary, but is typicaUy from 25 to 
100 pm, preferably fiom 40 to 70 pm. THe fihn typically has a weight of fiom 25 to 90 g/m^ 
For the three layer fihn structures same final thickness and weight are useful, but each layer 
distribution may vary W 5 to 50% of the total fihn thickness, and a number of Uyers are 
mmimum 2 to 7, preferably 3 to 5. 

Hie cast or Mown fihn according to the present mvention is particularly suitable to be 
used for overl^Uig a plurality of items by the method described m ItaUan pat«it n No. 
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1285827. for example. According to the said method the film is formed into a tubular shape 
by sealing the two ends of the film having a convenient length each other. Also, already 
formed tubular fihns are used then cut into the desired length, suitable for packaging step. 
Then, the film is stretched with an appropriate mechanical device and a plurality of items is 
inserted inside the stretched tubular fihn. Finally, the mechanical device leaves again the 
fihn that closes the plurality of items thanks to elastic recovery of the film. 

The films according to the present invention can be printable after corona treatment 
•me foUowing examples are given to iUustrate and not to limit 4e present invention. 
ITie data relating to the polymer blends and the films of the examples are determined by 
way of the methods reported below. 

- fiffiE: Measured according to ISO meOiod 1133 (190° C, 2.16 kg); 

- pensity: Measured according to ASTM method D-792. 

- Comonomer content- Yy TP •ir''f^03CDpy. 

' solubl? and insoluble in xylene a^ 25" C : 2.5 g of polymer are dissolved in 250 

ml of xylene at 135" C under agitation. After 20 minutes the solution is allo^d to cool to 
25" C stiU under agitation, and then allowed to setde for 30 minutes. The precipitate is 
filtered with filter paper, the solution evaporated in nitrogen flow, and the residue dried 
under vacuum at 80° C untU constant weight is reached. TTius one calculates the percent 
by w«gbt of polymer soluble and insoluble at room temperature (25° C). 

- TeaTTesistance ; Measured using an Ehnendorf tear tester according to ASIM method D 
1922. deteimined both in machine direction and transversal direction. 

" secant t^sile ynodulup ; Determined according to ASTM method D 822. 

■ Tenatfe ^Rth an^ yepjdual t^frlfh : Determined according the MA 17301 internal 
method available upon request A 12.7 mmxlOO nun fihn specimen is used. 
The test is carried out on a fihn spechnen cut from a fihn. The fihn has previously been 

at 23- C, 50% is the relative humidity, for at least 24 hours but not over 48 hours. 
The fihn spechncn is placed in an histron-type dynamometer woridng at a tensile rate of 
50 mm/min. The film is stressed up to a defonnation of 30%. The strength is measured 
when ^ deformation of 30% is reached (maximum strength) and after 240 minutes from 
the deformation of 30% is reached (strength 240). The residual strength ratio is defined as 
the ratio between residual strength at strength 240 and maximum strength. . 

— 2aitfJ5et«mined-accordins-to^SlM^methodJ5-1309A.___ 
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- Ifeze: Determined according to ASTM method D 1003. 

- Saclaanstsj: the fihns piepated as described in the examples a« used to vwrap 6 bottles 
The bottles axe packed by using a packaging mac^ described in Italian patent No. 
1285827, the machine also seab the two endings of the fihns. 

The evahated properties are resistance of the sealed fihn portion and quaUty of 
packaging. 

The quality of sealing is dctennined by evaluating resistance at yielding or bieakagp of 
sealing portion after !he sealing. 

The quality of packaging is detemimed by evaluating toughness of the packaged items 
after 1 minute. 

f olymers used i n the examnl es and comp flT Btive acamp l^^ 

- Etfiylene-butyl acrylate copolymer. EBA copolymer (1): the content of lecuning units 
denved fiom butyl a^ylate is 4.0 wt%, the MFR yalue is 0.3 g/IO mhi and the 
density is 0.923 g/mL; 

> Ethylene-butyl acrylate copolymer. EBA copolymer (2): the content of recurring units 

denved from butyl acylate Is 6,5 v^/o, the MFR --E" value is 0.3 g/lO min and the 
density is 0.923 g/mL; 

- Ethylene-butyl acrylate copolymer, EBA copolymer (3): the content of ,ec«ring units 
dern^d &om butyl acrylate is 3.0 wt%, the MFR «E» value is 0.6 g/10 min and the 
density is 0.923 g/mL; 

- Ethylene-vinyl acetate copolymer blend, EVA copolymer (1): it is a blend made fiom 44 

of an ethylene-vinyl acetate copolymer having a content of recurring units derived 
from vmyl acetate of 14 vrtVo, the MFR value is 0.3 g/lO min and the density is 0.938 
g^mL and 56 y^A of the low density polyethylene described hereinbelovr, 

- Ethylene-vinyl acetate copolymer, EVA copolymer (2): the content of recurring units 
denved fiom vinyl acetate is 5.0 Tvt%. the MFR «E» value is 0.5 g/lO min and the density 
is 0.928 g/inL; 

- Low density polyetfiylen0, LDPE: the MFR «B" value is 0.3 g/10 min and the density is 
0.923 gtoL; ' 

- Unear low density ethylencoctene-1 copolymer, LLDPE (1): the content of recurring 
umts derived fiom octene-1 is 10.0 wt% (2.71 mol%), MFR is 2.5 g/10 min and the 
density is 0.91 9 g/mL; 

11 
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- Linear low density cthylane^jctene-l copolymer, LLDPE p): flie coatsax of recuning 
units derived fiom octene-1 is 9.5 wt% (2.56 inol%), MFR "E" is 1 g/10 min and the 
density is 0.918 g/mL; 

- Very low density ethylene-octene-l copolymer, VLDPB: tbe content of lecwring units 
derived from octene-1 is 15.3 wt% (4.3 mol»/o), MFR is 1 g^lO min and <he density is 
0.912 g^mL; 

- EdiylBn© copolymer blend, LLDPE blend: it consistB of (a) 85 Dvt% of a teipolymer of 
efliyitaiB and bntene-l and hexene-1 having 6.5 wt% (3.45 mol%) of recurring units 
derived from butene-1 and 4 wt% (142 mol%) of reoumng units derived from hexene-1 
and (b) 15 wt% of teipolymer of propylene and ethylene and bulene-1, wherein the 
recurring units derived fiom propylene, ethylene and butene-l ate 92.1, 2.3 and 5.6 wt%, 
respectively. The MFR «E" value of the whole blend is 0.7 g^lO min and the density is 
0.916 g^mL; 

- Eihylene-hexraie-l copolymer, PE (1): the content of recurring units derived from 
hexene-l is 7.0 W/o (2.45 mol%). MPR "E" is 1 g^lO min and the density is 0.918 g/mL. 
The copolymer is prepared by using a metallocene catalyst; 

- Ethylene-hexene-l copolymer, PB (2): the content of recuning units derived from 
hexene-1 is 3.9 wt% (1.33 moP/a), MPR is 0.7 g/10 mm and the density is 0.927 
gteiL. The copolymer is pr^ared by using a metallocene catalyst 

Examples 1-9 md Com parative Examnles 1-'^ 

A polymer blend is produced by extruding the proper components in a single screw type 
extruder (30 UD screw length). Table 1 lists the polymers used and their relative amounts. 

Then, the thus obtained polymer blends are filmed trough a 40 mm grooved feed smgle 
screw exicuder (KRC40), thus shigle layer blown fifans are produced. 

The physical and mechanical pcopoties of die fifans as weU as the results of the bundling 
test carried out on the fihns are reported in Table 2. 

In comparison with the films of the comparative examples the fihns according to the 
present invention exhibit both a good balance of mechanical properties, good transparency 
and good scalability. Resistance of the sealed fifan is an indirect index of the sealability of 
the fihn. The bundling test shows that tiie fihns according to the present invention only have 
those main propoties that make a film suitable for bundling. 
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CXAIMS 

1. A stretehable wrap film comprising b polymer blesnd comprising (peicent by weight): 
I) 50 to 90%. preferably 65 to 80%, of an ethylene polymer comprising an ester 
selected from (1) elhylenicaUy unsaturated organic monomer of esters of 
unsaturated C3-C20 monocarbojcyUc adds and Ci to C24 monovalent aUphatic or 
aKcycUc alcohols, and (Z) vinyl esters of saturated Cj-Cs carboxyUc acids, 
wherein the comonomer content tanging from 2.5 to 8 \vt%, preferably 3 to 6.5 
wt%, based on the total weight of ifae final ethylene polymer, the ethylene 
polymer having a density ranging from 0,9 to 0.94 g/knL; and 
n) 10 to 50%. piefeiably 20-35%, of an eihsdene-based polymer component having 
a density tanging from 0.9 to 0.930 g/taL. preferably 0.910 to 0.925 g/mL and a 
melt flow rate up to 4 g/10 min, preferably from 0.5 to 2 g/10 min; the said 
conqionent being selected from: 

0 a linear polyethylene consisting of ethylene and 0.5 to 20% by mole of a 
CHz=CHR opolefln, where R is a hydrocarbon radical having 2-8 carbon 
atoms; and 

ii) a polymer blend comprising (a) 80-100 parts by weight of a random 
polymer of ediylene with at least one CHtf-CHR a-olefin. where R is a 
hydrocarbon radical having 1-10 eaibon atoms, the said polymer 
contafaiing to 20 mol% of Clfc-CHR a-olefin and having a density 
between 0.88 and 0.945 g^mL; and (b) from 5 to 30 parts by weight of a 
random imeipolymer of propylene with at least one CHgsCHR o-olefin, 
where R is a hydrocarbon radical having from 2 to 10 carbon atoms, and 
possibly with ethylene, said inteipolymer (b) containing from 60 to 98% 
by weight of units derived from propylene, from 2 to 40% by weight of 
recurring units derived from Ifae CH2'=CHR a-olefin, and from 0 to 1 0% 
by weight of recurring units derived from efliylene, and having a xylene- 
insoluble fraction a roran temperature greater thtm 70%; 
said stretehable wrap fihn having a ratio between the value of MD tear resistance and 
flie value of TO tear resistance over 0.3 and a value of MD tensile strength at 30% 
ranging between 7 to 15 N. 

2. The film of claim 1, wherein polymer (I) is selected from etfaylene-ethyl acrylate 
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copolymer, ethylene-butyl actylate copolymer and ethylene-vinyl acetate copolymer. 

3. The film of claim 1, wherein linear polyethylene © has a comonomer selected from 
butene-l, hexeae-l, octene-1 and4.methyl-l-p6ntene. 

4. THe fihn of claim 1, v^iein in polymer blend (ii) polymer (a) is an elhylcne-butene-l 
copolymer. 

5. The fihn of daim 1. wherem in polymer bind Oi) polymer (b) is a propylene-ethylene- 
butene-1 teipolymer. 

6. Aoontamerpackagiflgmadeofstretchablewiapfitaisaccoidingtoclaiml. 
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ABSTRACT 

A stretchable wrap film campriang a polymer blend comprisiiig Qmrcent by weight): 
I) 50 to 90% of aa ethylene polymer comprising an ester selected ftom (1) e%lenically 
unsaturated organic monomer of esters of nnsatuzated C3-C20 monocarboxyUc acids and 
Ci to Ca4 monovalent aliphatic or aUcyclic alcohols, and (2) vinyl esters of saturated C2- 
Ci8 carboxylic acids, herein the comonomer content xanging fiom 2.5 to 8 wt% based 
on the total weight of ibs final ethylene polymer, the ethylene polymer having a density 
ran^g fiom 0.9 to 0.94 g/inL; and 
n) 10 to 50% of an eifaylene-based polymer component having a density ranging fiom 0.9 

to 0.930 g/mLand amslt flow rate xqi to 4 g/10 m in 
Hie stretchable wrap fihn has a ratio between the value of MD tear resistance and the value 
of TD tear resistance over 0.3 and a vatae of MD tensUe strength at 30% ranging between 7 
to 15 N. 
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